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SUMMARY
Arid and semiarid environments dominate the Earth’s surface and are very vulnerable to global change. Chañar (Geoffroea decorticans) 
and brea (Parkinsonia praecox) are two ubiquitous woody species of these environments. They grow in degraded forests, strongly 
modified areas and as a main component of secondary forests. Despite the value of both species, little is known about their growth 
dynamics and their relationship with climate. The objective of this research was to determine their dendrochronological potential and 
the connection between growth and climate variables. Anatomical and standard dendrochronological methods were applied. First of 
all, we stated the anatomical characteristics that allowed us to detect tree-ring boundaries (terminal parenchyma and variation in the 
shape of vessels). Further, after dating and measurement of tree rings we determined significant correlation between series, which 
means a common growth signal among trees as a result of environmental variable effects. Trees were not older than 40 years. Mean 
annual radial growth was 3.37 mm (SD±0.71) and 2.16 mm (SD±0.61) for chañar and brea, respectively. Finally, chañar and brea 
had a negative growth-mean temperature association. Rainfall affected chañar and brea growth in summer previous to the growing 
season. Southern Oscillation Index (SOI) had an inverse association with growth of brea. This means, in the case of brea, a significant 
association with local (temperature and rainfall) and global (SOI) climate variables. These results evidenced the growth dynamics of 
both species and their value for dendroclimatological studies for the first time.
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RESUMEN
Los ambientes áridos y semiáridos dominan la superficie terrestre y son muy vulnerables en el contexto actual del cambio global. El 
chañar (Geoffroea decorticans) y la brea (Parkinsonia praecox) son especies que crecen en estos ambientes en bosques degradados, 
en áreas severamente transformadas o bien como componentes secundarios de los bosques maduros. A pesar de la importancia de 
ambas especies poco se conoce sobre su dinámica de crecimiento y su relación con el clima. El objetivo de este trabajo fue: determinar 
el potencial dendrocronológico y el vínculo entre el crecimiento y las variables climáticas de ambas especies. Se aplicaron métodos 
anatómicos y dendrocronológicos estándares. En primer lugar, establecimos las características anatómicas que nos permitieron detectar 
los límites de los anillos de crecimiento de los árboles. En segundo lugar, determinamos una correlación significativa entre las series, lo 
que significa una señal de crecimiento común entre los árboles como resultado de los efectos de las variables ambientales. Las series 
medidas en ambas especies permitieron estimar correlaciones significativas que demuestran una señal común de crecimiento ambiental. 
El crecimiento radial medio para ambas especies fue de 3,37 (DS±0,71) y 2,16 (DS±0,61) respectivamente. La longevidad no superó 
los 40 años. Por último, el crecimiento de chañar y brea tuvieron una asociación inversa con la temperatura media. La precipitación 
afectó los crecimientos de chañar en el verano y de la brea en la estación previa al crecimiento. El IOS (Índice de Oscillation Sur) tuvo 
una asociación inversa con el crecimiento de la brea. Esto implica, en el caso de la brea, una asociación significativa con variables 
climáticas locales (temperatura y lluvia) y globales (IOS). Estos resultados señalaron por primera vez la dinámica de crecimiento de 
ambas especies y su valor para estudios dendroclimatológicos.
Palabras clave: dendrocronología, dendroclimatología, anatomía del leño, monte, espinal. 
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INTRODUCTION
Arid and semiarid environments occupy more than 
sixty percent of Argentina’s landscape. The driest area of 
Argentina’s pampas region is covered by forests domina-
ted by Prosopis species (Oyarzabal et al. 2018). Chañar 
(Geoffroea decorticans (Gill. ex Hook. et Arn.) Burkart) 
(Fabaceae, Papilionoideae) and brea (Parkinsonia prae-
cox (Ruiz et Pav.) Hawkins) (Fabaceae, Caesalpinioideae) 
are two woody species that grow in these environments. 
They are  pioneers with individuals recruiting massively 
after disturbances in severely transformed areas or degra-
ded forests (Anderson et al. 1970). 
Geoffroea decorticans is an antagonistic species from 
the anthropic point of view. On the one hand, it is conside-
red an invasive woody shrub of the adjacent psammophi-
lous grasslands that belong to the pampean grassland step-
pe dominated by C4 photosynthesis species of the genus 
Aristida, Bothriochloa, Chloris, Elionurus, Eragrostis, 
Poa, Schizachyrium, Sorghastrum, Sporobolus and Stipa 
(Anderson 1976). On the other hand, in the forests of Cha-
co, Monte and Espinal, it is a main component of the se-
condary forests (Giménez and Moglia 2003). Parkinsonia 
praecox grows in places known as peladales, which are 
highly degraded areas previously affected by fire and over-
grazing, where it forms homogeneous forests or breales 
(Martínez Carretero 1986, Paez and Marco 2000). 
Both species are the first to be established after severe 
disturbance, especially fire (Medina et al. 2000, Dussart 
et al. 2011). Considering that disturbance, including fires, 
is an essential component of forest systems (Oliver and 
Larson 1996) and that both species react in a similar way 
after its occurrence, it is essential to know how its tempo-
ral growth dynamic is. However, there is no information 
about it. Furthermore, in this context of global change, 
the value of forests as providers of ecosystem services has 
been reconsidered and the quantification of biomass for es-
timating the capacity to fix carbon is one of the most inter-
esting variables in the world (Bar-on et al. 2018). Therefo-
re, being able to estimate the growth rate of woody species 
makes it possible to accurately quantify this variable. 
Two useful tools are available to evaluate the dynamics 
of forest systems over time: repeated measurements in per-
manent plots or an analysis applying dendrochronological 
techniques. Dendrochronology is the science that studies 
environmental events recorded in the growth rings of woo-
dy species. In this way, it is possible to annually analyze 
the relationship between individuals and the environment 
(Speer 2010). One of the most relevant applications of a 
growth-ring analysis is its use to establish the relationship 
between annual growth and climatic variables and, conse-
quently, the reconstruction of past climatic conditions. Pre-
vious dendrochronological studies in the arid and semi-arid 
environments of Argentina had analyzed the most long-lived 
species with the highest timber value with special emphasis 
on the genus Prosopis (Morales et al. 2005, Villagra et al. 
2005, Dussart et al. 2011, Bogino et al. 2015). Therefore, 
knowing about the growth dynamics of pioneer species will 
complement these studies and establish the interconnection 
between main species and those that are codominant or in-
termediate in a secondary forest (Gorzelak et al. 2015).
Despite the fact that G. decorticans is a widely dis-
tributed species in arid and semi-arid areas of Argentina, 
Bolivia, Chile, Uruguay and Peru (figure 1AB), there are 
no previous dendrochronological studies. To date, the 
approach has been limited to describe its anatomy and 
growth-ring width (Giménez et al. 2013). P. praecox has a 
wider geographic distribution area than that of G. decor-
ticans: from the Sonoran Desert in Mexico 32° N to the 
south of the Argentine Chaco 35° S and from sea level to 
2000 m asl (Schuch and Kelly 2008) (figure 1AC). 
Before establishing the dendrochronological potential 
of any species, it is necessary to determine whether its 
growth rings are identifiable. Previous studies on the ana-
tomy of G. decorticans are contradictory: on the one hand, 
according to Tortorelli (1956), differentiating tree rings is 
uncertain due to its diffuse semi-circular porosity, although 
on the other hand, further studies indicate that chañar is 
one of the few species from the Argentine Chaco that pre-
sents well-defined tree rings (Giménez 2009).  A 33-year-
old G. decorticans forms rings with an average thickness 
of 4.7 mm which implies that chañar is a species with the 
highest annual growth in the Semi-arid Chaco (Gimenez 
2009). Regarding P. praecox, growth rings can be differen-
tiated due to their semi-circular porosity (Tortorelli 1956). 
Previous studies in the Guajira of Colombia pointed out its 
association with regional and local climate variables (Ra-
mirez and del Valle 2011) consequently, there is a need of 
complementing these previous studies to establish a com-
mon pattern of the species response to climate variables. 
Considering that there are no studies on both species 
that determine their growth dynamics and relationship with 
environmental variables at their southern distribution area, 
our research questions are: Is it possible to successfully date 
the growth rings and analyze the temporal growth dynamics 
in relation to climate for both species? May climate-growth 
association determine the dynamics of both species? The-
refore, the working hypothesis is: both species are possible 
to be dated as previous studies encourage us to think of the 
possibility of detecting tree ring boundaries and that their 
ubiquity responds to a scarce relationship with climatic va-
riables. The objectives of this research are: a) to determine 
the anatomical characteristics of both species for their pos-
sible dating and b) from the feasibility of this fact, to recons-
truct the growth dynamics and the relationship with climate. 
METHODS
Sampling sites. The study site for Geoffroea decorticans 
was in the so-called sandy pampas (natural area #9 of the 
province of Cordoba; 33°32’11.4”S, 65°00’01.3”W) (figu-
re 2A). The topography of the area is undulating or gently 
BOSQUE 42(1): 141-150, 2021
Growth-climate association of Geoffroea decorticans and Parkinsonia praecox
143
Figure 1. Distribution area of  chañar (Geoffroea decorticans) and brea (Parkinsonia praecox) (A). Photographs of chañar (B) and brea (C).
 Área de distribución de chañar (Geoffroea decorticans) y de brea (Parkinsonia praecox) (a). Fotografías de chañar (b) y brea (c).
Figure 2. Sampling sites for chañar (Geoffroea decorticans) (A) and brea (Parkinsonia praecox) (B) according to the phytogeographic 
distribution in the center of Argentina.
 Sitios de muestreo de chañar (Geoffroea decorticans) (a) y de brea (Parkinsonia praecox) (b) de acuerdo con la distribución fitogeográfica 
correspondiente para el centro de Argentina.
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undulating due to the presence of dunes of different ages. 
The predominant soils are Entisols (with the dominan-
ce of the typical Ustipsaments). Soils are sandy, shallow, 
with little differentiation of horizons, excessively drained, 
without aggregation and with low content of organic matter 
(Cabido et al. 2003). Climate is temperate (Köppen 1931) 
with a wide range of thermal oscillation (absolute maxi-
mums of 44 ºC and minimums of –11 ºC). Annual rainfall 
reaches 600 mm and is mainly distributed between October 
and March (Cabido et al. 2003). Altitude is of approxima-
tely 500 m a.s.l. This region is part of Espinal Phytogeogra-
phic Province (Cabrera 1976). Probably, in the past, vege-
tation was calden (Prosopis caldenia Burkart) forests and 
grasslands. However, the interpretation of the predominant 
landscape until the settlement of the Spanish conquerors in 
the 16th century is difficult due to practically non-existent 
written testimonies. Nowadays, the area is affected by wind 
erosion due to land use changes and agricultural activities. 
In this context of disturbance, G. decorticans colonizes the 
ridges of dunes formed by wind erosion. 
The Parkinsonia praecox sampling site was located in 
the southern extreme part of arid Chaco within the area 
of  grasslands and mountain forests (plant formation #5 of 
the province of San Luis (33º28’43.81”S, 66º26’16.63”W) 
(Anderson et al. 1970) (figure 2B). The area presents a 
physiography of arid foothills. Entisols are the predomi-
nant soils with low content of organic matter and high sus-
ceptibility to wind and water erosion (Peña Zubiate et al. 
1998). Annual rainfall is between 400 and 500 mm and it 
is characterized by strong seasonal, annual and multi-year 
variability (Karlin et al. 2013). Average annual temperatu-
re is 17.8 ºC and the average temperature of the warmest 
(January) and coldest (July) months is 25 and 9 ºC, res-
pectively. Altitude varies between 450 and 500 m asl. Ve-
getation is characterized as a disetaneous secondary forest 
mostly dominated by Aspidosperma quebracho blanco 
Griseb. and Prosopis species (15-18 m high) accompanied 
by a shrubby layer (Anderson et al. 1970).
For anatomical studies, stem cross sections were cut 
with a chainsaw at 20 cm high from three individuals of 
each species. Light microscopic sections of 15µm thic-
kness were obtained from transversal sections using a 
sliding microtome Leica, Hn 40 Model. Afterwards, the 
samples were whitened with sodium hypochlorite and de-
hydrated with xylol. Finally, they were colored using Sa-
franin (1%), fast green and 80° alcohol and sealed using 
Entellán (D’Ambrogio de Argüeso 1986). For wood des-
cription, the terminology of the List for the identification 
of hardwoods was used (IAWA Committee 1989).
For dendrochronological studies, cross sections at the 
tree base were taken using a chainsaw. In July 2016, 14 do-
minant individuals of G. decorticans (10 alive and 4 dead) 
and in January 2011, 15 living dominant trees of P. praecox 
were sampled. The basal cross-sections were polished using 
sandpaper with increasingly fine grain size to try to visuali-
ze tree rings (40-600 sieves in-2). The rings were visualized 
and demarcated with the help of an Olympus SZ61 magni-
fying glass (0.9 to 4X). Two different radii per cross section 
were determined. For the correct assignment of the calendar 
year to each ring, the convention of Schulman (1956) for 
the southern hemisphere was applied. The rings were mea-
sured with a Unislide TA 4020H1-S6 Velmex equipment 
(0.01 mm precision). The validity of the dating was verified 
with the COFECHA program that compared the variability 
of the width of the rings to correctly establish the calendar 
year of each ring and to determine false or missing rings 
(Grissino-Mayer 2001, Fritts 2001). Mean correlation bet-
ween series and mean sensitivity (growth variability bet-
ween two consecutive years) were determined. The age of 
trees must be determined with an annual or absolute level 
of precision, which is essential for any dendrochronological 
study, since the correct and precise estimation of the calen-
dar year in which each growth ring was formed is a fun-
damental condition for dating (Speer 2010). Furthermore, 
the date of establishment of each individual can be stated. 
After obtaining the chronologies of the ring-width 
index of both species, the series were standardized to 
maximize high frequency variability possibly associated 
with climate. The standardization applied was first of all 
a negative exponential and, after, a 40-year spline that 
generated three chronologies of average indices for each 
species (row, standardized and residual). The residual 
chronology of each species was compared with the cli-
matic variables. To establish the validity of chronologies, 
three indicators were used: signal-to-noise ratio (SNR), 
Expressed Signal of the Population (EPS) and variance of 
the first vector. The climatic data used were: monthly pre-
cipitation and monthly mean temperature of INTA Villa 
Mercedes (33°39’07.3”S, 65°25’11.2’’W) and San Luis 
(33°15’36.0”S, 66°14’24.0”W) meteorological stations. 
Monthly SOI (Southern oscillation index) were obtained 
from the Climatic Research Unit of the University of East 
Anglia. SOI is a standardized index of water sea level pres-
sure oscillation between Tahiti and Darwin (Australia) that 
determines El Niño and La Niña events (Ropelewski and 
Jones 1987). The DENDROCLIM 2002 program (Biondi 
and Waikul 2004) was applied to analyze the relationship 
between climatic variables and ring width indices. Statis-
tical analyses in both species were performed with the In-
fostat version 12 package (Di Rienzo et al. 2012).
RESULTS
Anatomical analysis. Geoffroea decorticans has a semicir-
cular porosity. The vessels are circular or oval, solitary, 
multiple short vessels (2-3) and occasionally have multiple 
long radials (4-5 vessels). In latewood, the few vessels are 
grouped in clusters, sometimes in ulmoid to semi-ulmoid 
positions and parallel to the rays. Many pores are occluded 
by tylosis and xylochromatic substances. The parenchy-
ma is confluent. Normally, at the limit of each growth ring 
there is a band of 2-5 cells of terminal parenchyma that 
BOSQUE 42(1): 141-150, 2021
Growth-climate association of Geoffroea decorticans and Parkinsonia praecox
145
allows the delimitation of the border (figure 3A). The radii 
are linear. Parkinsonia praecox has semicircular porosity, 
solitary or multiple short vessels (2-6) where some of them 
are grouped. Vessels are circular or oval with linear rays 
and irregularly distributed. The axial parenchyma is con-
fluent or paratracheal (figure 3B). 
Dendrochronological analysis. The dating of Geoffroea 
decorticans and Parkinsonia praecox was possible (figu-
re 4A and 4B) and consequently the first chronologies for 
both species were constructed since the sampled indivi-
Figure 3. Wood anatomy of chañar (Geoffroea decorticans) (A) and brea (Parkinsonia praecox) (B) in transversal sections. Magni-
fying glass (4X).
 Anatomía de la madera de chañar (Geoffroea decorticans) (a) y de brea (Parkinsonia praecox) (b) donde se visualizan elementos que con-
forman el leño y los distintos anillos de crecimiento (Zoom 4X).
Figure 4. Demarcation of chañar (Geoffroea decorticans) (A) and brea’s (Parkinsonia praecox) (B) growth rings for dating using 
Olympus SZ61 magnifying glass (0.9 to 4X).
 Demarcación de los anillos de crecimiento de chañar (Geoffroea decorticans) (a) y de brea (Parkinsonia praecox) (b) para datación median-
te lupa Olympus SZ61 (0,9 a 4X).
duals could be correctly dated. The establishment date was 
estimated for the four dead specimens of G. decorticans, 
which died by both natural and anthropic causes. On the 
other hand, it was possible to co-date the time series of 
both species to obtain a master chronology. The statistics 
that characterize both chronologies are adequate to conti-
nue with a dendroclimatic study (table 1). 
The mean radial growth of the 14 individuals of G. de-
corticans was 3.37 mm (SD ± 0.71 mm) and the extreme 
values  ranged between 1.99 mm and 5.57 mm year-1 for 
trees between 16 and 29 years old (figure 5A and 5B). The 
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Table 1. Statistical values  that characterize the chronologies of chañar (Geoffroea decorticans) and brea (Parkinsonia praecox).
 Valores estadísticos para las cronologías de ancho de anillo de chañar (Geoffroea decorticans) y de brea (Parkinsonia praecox).
Geoffroea decorticans Parkinsonia praecox
Number of trees 14 15
Number of series 27 30
Master series 1987-2015   1971-2009
Mean annual radial growth (mm) 3.37 (SD±0.71) 2.16 (SD±0.61)
Mean sensitivity 0.32 0.4
Correlation between series 0.52 0.38
SNR (residual) 2.03 7.87
EPS 0.67 0.88
Variance of the first vector (%)  31.34 42.28
Mean sensitivity: tree-ring width variability between two subsequent years, SNR: signal to noise radio, EPS: Expressed population signal.
Figure 5. Standardized chronologies of chañar (Geoffroea decorticans) and brea (Parkinsonia praecox) for arid and semi-arid envi-
ronments of Argentina. Indexed growth rate for each species over time (A and C) and number of samples used in each chronology (B 
and D).
 Cronologías estandarizadas de chañar (Geoffroea decorticans) y de (Parkinsonia praecox) para ambientes áridos y semiáridos de Argenti-
na. Índice de crecimiento para cada especie a lo largo del tiempo (a y c) y número de muestras utilizadas en cada cronología (b y d).
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mean radial growth of the 15 individuals of P. praecox was 
2.16 mm (SD ± 0.61 mm) and the extreme values ranged 
between 1.15 and 3.07 mm year-1 for trees between 23 and 
39 years old (figure 5C and 5D).
Dendroclimatic analysis. The analysis of the relationship 
between the residual chronology of tree-ring widths and 
the climatic variables determined that: G. decorticans had 
an inverse and significant relationship with the temperatu-
res of May (autumn) and July (winter) prior to the growing 
season, and with May at the end of the growing season 
Figure 6. Pearson’s correlation coefficients (bars) that indicate the effect of local and global climatic variables chañar (Geoffroea 
decorticans) and brea’s (Parkinsonia praecox) growth at both sites during the 1972-2015 period. The analyzed period covered from 
May before growth to September of the current growing year (*P < 0.05).
 Coeficientes de correlación de Pearson (barras) entre las cronologías residuales de chañar (Geoffroea decorticans) y de brea (Parkinsonia 
praecox) y las variables climáticas locales (temperatura media mensual y precipitación mensual) y globales (Índice de Oscilación del Sur) para ambos 
sitios durante el período 1972-2015. El período analizado va desde el mes de mayo del año previo al crecimiento y se extiende hasta septiembre donde 
finaliza el período anual de crecimiento (* = P < 0,05 R).
(figure 6). P. praecox showed an inversely significant rela-
tionship with temperature throughout the growing season. 
In relation to rainfall, G. decorticans showed an inverse 
association in summer (December) and P. praecox an in-
verse association previous to the growing season (May and 
July) and a positive association in summer (January). Un-
like G. decorticans, P. praecox had an inverse relationship 
with global weather patterns such as SOI during May prior 
to the growing season and at the end of it (from May to 
September) (figure 6).
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DISCUSSION
Anatomical observations, mainly the presence of ter-
minal parenchyma, made it possible to establish the feasi-
bility of dating both species. The results obtained through 
the analysis of the growth rings of Geoffroea decorticans 
and Parkinsonia praecox allowed the reconstruction of 
the first chronology for both species in Argentina. The 
dendrochronological potential of both species was proven 
and supported by the statistics that characterize both chro-
nologies in spite of contradictions regarding the possibi-
lity of dating G. decorticans (Tortorelli 1956, Giménez et 
al. 2013). Both species showed a significant correlation 
between series, 0.49 and 0.39, respectively, which may 
imply a strong association between growth and environ-
ment, possibly connected to climatic conditions. 
The mean radial growth of G. decorticans (3.95 mm 
year-1) is similar to that of Prosopis caldenia (2.69 - 5.12 
mm year-1) growing in the same area (Bogino and Villalba 
2008) or in the province of La Pampa (2.2 - 4.52 mm year-1) 
(Bogino et al. 2015, Velasco et al. 2018). These results 
pointed out that woody species have similar growing rates 
even though they are dominant (P. caldenia), or codomi-
nant or intermediate (G. decorticans) species. Furthermo-
re, their growth rates are similar to the records of Pinus 
elliottii Engelm, an exotic species widely recommended 
for forestry purposes (Bogino et al. 2005), which is con-
sidered a worldwide invader nowadays. These annualized 
growth rates are highly valuable for further quantification 
of biomass and the estimation of the carbon fixing capaci-
ty of these systems.
The association between residual tree ring chronolo-
gies and climate showed, for both species, a significant 
inverse relationship with temperature. This variable con-
trols other species growth in these environments such as 
P. caldenia (Bogino and Jobbágy 2011). Results clearly 
demonstrate that in a context of increased average tem-
perature, both species would have growth limitations, 
which reinforces the idea of  the vulnerability of arid and 
semi-arid systems to global warming (Pachauri et al. 
2014). Concerning chañar, rainfall has a negative impact 
on summer growth. Considering that this species forms 
thickened groups of individuals favored by asexual re-
production and that all of them belong to the same tree, 
a more humid environment in summer may favor the 
growth of the younger individuals and limit it, in the case 
of the dominant trees sampled in this research.  Regar-
ding brea, rainfall previous to the growing season limited 
growth, showing a positive effect in summer (January). 
Further physiological studies are needed to understand 
why this humidity previous to the growing season can li-
mit growth. Both species are vulnerable to local climatic 
factors (temperature and rainfall) although brea is also 
vulnerable to global forces (SOI), which is among the 
most important climatic variables regulating the planet’s 
climate, meaning that the higher the SOI values, the lesser 
the growth rate. Since P. praecox was also vulnerable to 
SOI in the Guajira (Colombia), present results may contri-
bute to consider a similar pattern of growth response of P. 
praecox to global drivers (Ramírez and Del Valle 2011). 
Asexual reproduction by gemipherous roots is the 
most common way for the establishment of G. decorti-
cans. Chañar forms thickened groups of trees known as 
small islands (islets), which makes it almost a unique spe-
cies regarding this dynamic. These trees with the same 
genetic background growing together may be a factor that 
determines its limited response to climate in comparison 
with brea. In some cases, it is considered a native species 
expanding within the encroachment process (Rauber et al 
2020), which may be the result of its climatic indepen-
dence.
We concluded that starting from a general objective 
that proposes to reconstruct the temporal growth dyna-
mics from the growth rings of G. decorticans and P. prae-
cox and their association with climate, the construction 
of the first chronology of ring width was feasible for both 
species as well as the quantification of the annual growth 
rate. Dating both species was possible despite previous re-
ferences questioning the feasibility of this process for G. 
decorticans. When interpreting the population and growth 
dynamics of both species based on environmental varia-
bles, a difference was found in this relationship according 
to the species. G. decorticans showed a connection with 
regional variables (temperature) while P. praecox is re-
lated to regional variables (temperature and rainfall) and 
global (SOI) ones. On the other hand, results reveal the 
capacity of pioneer species for carbon fixation and the 
adaptive climate response they possess with respect to 
main components of the forest (P. caldenia) and exotic 
components (Pinus elliottii Engelm.). These results also 
highlight the importance of an individual analysis of each 
of the components of forest systems since it is possible to 
assume a different environmental response in this context 
of global change. Therefore, the analysis of the system 
as a whole is relevant, emphasizing the impact of each 
intervening variables.
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